Abstract: Analysis of multiple climate simulations shows much of the midlatitude Pacific decadal variability to be composed of two simultaneously occurring elements: One is a stochastically driven, passive ocean response to the atmosphere while the other is oscillatory and represents a coupled mode of the ocean-atmosphere system. ENSO processes are not required to explain the origins of the decadal variability. The stochastic variability is driven by random variations in wind stress and heat flux associated with internal atmospheric variability but amplified by a factor of 2 by interactions with the ocean. We also found a coupled mode of the ocean-atmosphere system, characterized by a significant power spectral peak near 1 cycle/20 years in the region of the midlatitude North Pacific and Kuroshio Extension. Ocean dynamics appear to play a critical role in this coupled air/sea mode.
Introduction
The midlatitude, low frequency variability in and over the North Pacific is often simply referred to as the Pacific Decadal Oscillation (PDO). This is a large scale feature of climate variability that is a well documented inhabitant of the N. Pacific Basin Barnett, 1994, 1996, hereafter LB94/LB96; Mantua et al., 1997). It is manifested by patterns of sea surface temperature (SST) and sea level pressure (SLP) that span the Pacific Basin. The PDO has been associated by the above authors, and others, with low frequency changes in weather patterns over N. America and major changes in the biota of the N. Pacific. The PDO has recently been shown to cause decadal modulation in •equatorial Pacific E1 Nifio phenomenon (Barnett et al., 1999; Pierce et al., 1999 ). As we shall see below, the simple characterization of all the variability in the midlatitude Pacific region as due to the PDO has led to much confusion and controversy.
In the present paper we show evidence from climate models that suggests two sources for decadal variability.
One is associated with stochastic forcing and the other with a coupled mode. This latter is the only element that can accurately be referred to as the PDO.
Procedure
The above conclusions were obtained from general circulation models developed by the National (Barsugli and Battisti, 1998) . In this run, the observed variability is due strictly to internal processes within the CCM3. We refer to this run as ACYC (after Saravanan, 1998) . A next level of sophistication was obtained from a 100 year run of the CCM3 coupled to a mixed layer ocean model (CML). This allows for local exchange of heat between the ocean and atmosphere, but is still unrealistic in that it allows no effects of ocean dynamics, e.g. advection. The third run we analyzed was the last 270 years of a 300 year simulation, the COUP run, of the NCAR Climate System Model (CSM). This fully coupled model used the identical atmospheric model (CCM3) as in the ACYC and CML runs, but also included global ocean and sea ice models that could interact with the atmosphere. The ocean model resolution varied but was typically about the same as the T42 atmosphere. The details of these models and the runs themselves are described on the NCAR CSM home page (http://www.cgd.ucar.edu/csm/). The MPI runs are comparable to the last two NCAR simulations, with run lengths of 170 and 147 years, respectively. We refer to these as ECML for the atmosphere (T42) plus mixed layer model and ECHO2 (Frey et (Fig. 1) . While the large confidence limits make energy comparisons at a specific frequency of questionable value, the fact that the energy enhancement is present at virtually all frequencies is much less likely to happen by chance.
5. There is no evidence of significant, unique spectral peaks in the power spectra of these basin scale features represented by the leading EOFs. This suggests there is no unique time scale for the variability, a result in keeping with the fundamental origin in the atmosphere. While these results hold for basin scale atmospheric features, they DO NOT hold more locally (see below). There are also theoretical reasons to believe the basin scale features may be strongly influenced, if not controlled by, ocean features of slightly lesser spatial scale (e.g. Weng and Neelin, 1998). We note the earlier analyses of LB94 did not address this possibility. 
Feedback Processes
The key question is to determine if there is a feedback between the ocean and atmosphere that will allow an oscillatory coupled ocean-atmosphere mode, one that can rightfully be referred to as the PDO. We note that Weng and Neelin (1998) and Munnich et al. (1998) offer a simple theoretical description of such a mode in the presence of strong stochastic forcing such as described above.
We demonstrated the feedback processes as follows: The wind stress curl pattern associated with the 20 year spectral peak in Basin-wide oceanic stream function was isolated in the ECHO2 control run by regression analysis. The strongest relation between the two was nearly simultaneous. It is this wind pattern that must be driven by the ocean if there is to be an oscillato• coupled mode. We shall refer to this curl pattern simply as •'. The next step was to force the ECHAM4 atmospheric GCM (AGCM, Roeckner et al., 1996) , the same as used in ECHO2, with specified SST fields that correspond to the two extremes of the PDO; one extreme corresponding to a warmer than normal Kuroshio extension region, while the other extreme has SST of opposite sign in this region. These SST forcing fields, defined only above 20N, were taken from the results of LB94, but were nearly identical to those produced by COUP or 
Physics of the PDO
The models suggest it is the slow changes in meridional gradient, actually the Laplacian, of SST that exerts a torque on the atmosphere thereby altering the curl of the wind stress (Fig. 3, upper) , an idea first proposed by Barnett and White (1972) . The anomalous curl so generated, acts to change the gyre circulation and set in motion, through advection and simple geostrophic adjustment, generation of an anomalous SST field with opposite signed Laplacian. This change, once it has become large enough in magnitude and eastward extent (Fig. 3, upper) Alternatively, the several year adjustment time of the ocean to changes in the windstress curl plus the advection time scale needed to add/subtract heat over a large enough area in the Kuroshio extension to affect the Laplacian and subsequently, the atmosphere, also is about 10 years (1/2 cycle). We plan to report in a future note which of these physical scenarios sets the time scale for the PDO.
In any event, the existence of a significant 20 year spectral peak in two different coupled global climate models provides evidence in support of the idea that there is a coupled ocean/atmosphere mode of decadal variability. This mode is seen most strongly in the Kuroshio extension region of the Pacific but also over much of the Basin above 30 N. This is in addition to the basin-wide variability forced stochastically by the atmosphere, which has no preferred period. We suggest that studies which do not carefully separate out these two mechanisms will find conflicting mixtures of physics responsible for Pacific decadal variability. In principal, only the coupled mode described above ought to be referred to as the Pacific Decadal Oscillation since the stochastic variability is simply the passive ocean response to atmospheric forcing.
